Studies of prenatal fetuses with 45,X Turner syndrome have allowed for plausible hypotheses of how their pitting edema may lead to production of the associated congenital defects found in the condition.
Introduction :
Based upon new studies of human fetuses with 45,X Turner's syndrome (Shepard et al., 1986) it is possible to construct a plausible hypothesis of how their hypoalbuminemia and associated edema may contribute to the genesis of the typical malformations found in the syndrome.
Turner's syndrome with 45,X is one of the most common forms of human aneuploidy.
Information exists that approximately one-half of all conceptions are spontaneously aborted and 60 percent of these have aneuploidy of which 15 percent are monosomy X. Thus, monosomy X results in 4.5 percent of all human conceptions (Shepard and Fantel, 1979) .
Since nearly 99 percent of these embryos and fetuses die prenatally (Hook and Warburton, 1983) , they are seen very frequently by the pathologist.
Previous studies which delineated this fetal syndrome were performed on specimens that were severely macerated due to postmortem changes occurring after intrauterine death (Singh and Carr, 1966; Rushton et al., 1969; Poland et al., 1980; Schwartz et al., 1981; Chervenak et al., 1983 and Byrne et al., 1984) .
Severe edema with cystic hygroma was the most common association but horseshoe kidney and coarctation of the aorta were also frequently present.
Pathologic causes such as Trisomy 21, 13, and Medelian inherited conditions account for some cystic hygromas (Beiber et al., 1979; Elejalde et al., 1985) .
With the introduction of widespread ultrasound use during pregnancy many fetuses with cystic hygromas can be detected. The observations reported here are based upon non-macerated specimens which were diagnosed prenatally and obtained after induced abortion.
Material and Methods :
The fetuses with cystic hygromas were detected by ultrasound and autopsy were performed soon after delivery induced either by vaginal administration of E2 or intraamniotic instillation of F2 prostaglandins.
Among 253 fetuses studied during a 12 month period in our laboratory, ten had Turner phenotype and six of these were 45,X without evidence of mosaicism. The karyotypes in five were from amniotic fluid and in one from fetal skin.
The body and organ weights were compared to our published standards (Tanimura et al., 1971 Heparinized blood samples were drawn from the heart with care being taken to exclude pericardial fluid.
The total plasma protein level was determined by a biuret method (Doumas, 1975 All six fetuses exhibited marked pitting edema and had bilateral cystic hygromas (Fig. 1) . (Fig. 2.) . In one specimen (case 4), plasma protein and albumin levels were similar to those in controls.
Agarose electrophoresis of plasma performed in three cases was qualitatively similar to that of controls.
The mean albumin/total protein ratio for the control fetuses was 0.57 and 0.36 for the 45,X fetuses. The protein levels for the 45,X embryos have been published (Shephard et al., 1986) .
The main point is that the numerous defects associated with Turner's syndrome can be produced in embryonic and fetal life as a result of growth deformation by edema. This is summarized in Fig.   4 . Webbing of the neck which occurs in somewhat over 50 percent of the newborns occurs regularly with lymphedema (Ferguson-Smith, 1965 ; Lemli and Smith, 1965; Palmer and Reichmann, 1976; and Hall et al., 1982 Clark (1984) noting a correlation between neck webbing and the presence of coarctation has postulated that the enlarged lymph channels adjacent to the aortic outflow tract misdirect blood flow to the aorta producing abnormal flow through the ductus arteriosus. This in turn could contribute to narrowing of the arch of the aorta.
About one-third of Turner's syndrome patients have horseshoe kidneys. We postulate that the observed increased thickness of the abdominal wall tends to force the migrating metanephric blastema closer together preventing the separation fo their caudal poles.
A somewhat similar mechanism in the luxate mouse has been discussed by Carter (1954) .
How can one explain the change from pitting edema in the fetus to the presence of a non-pitting lymphedema condition in postnatal life? van de Putte (1977) has reported the presence of generalized hypoplasia and partial agenesis of the lymphatic system of the fetus with Turner's syndrome.
Hypoplasia of the lymphatics has also been reported in older children with Turner's syndrome (Alvin et al., 1967; Benson et al., 1965; Vittay et al., 1980) . We believe that the early edematous condition interferes with the normal development of the lymphatics. Dilation of the embryonic lymphatics during and after the formation of the jugular and thoracic components (between the 8 to 20 mm crown-rump stages) (Van der putte, 1975) The exact physiologic mechanism which finally produces an obstructive picture needs to be studied further, particularly in appropriate experimental animal models.
The presence of small stature, which is nearly universal in Turner's syndrome, requires speculation; the most often used explanation is that the cell with only one X-chromosome has a slower mitotic rate or is more susceptible to death than the normal cell (Gartler and Sparkes, 1963 (Oratz et al., 1975) Gitlin and Gitlin (1975) .
Since the fetus is maintained in a fluid environment, no dependent part exists; this would theoretically reduce the need for higher oncotic pressure and would allow the fetal liver to produce other important proteins. Since astronauts are also weightless, one could speculate that their production of albumin might be downregulated during space flights.
